The aim of the study was to evaluate the effect of six cultivated and wild aromatic and medicinal plants, basil (Ocimum basilicum L.), chamomile (Matricaria chamomilla L.), common mallow (Malva sylvestris L.), greater celandine (Chelidonium majus L.), lemon balm (Melissa officinalis L.) and lovage (Levisticum officinale Koch), on germination and growth of weed species scentless mayweed (Tripleurospermum inodorum (L.) C.H. Schultz). In total four experiments were conducted to assess the allelopathic potential of seed and plant aboveground biomass: I) seed cogermination in Petri dishes, II) seed cogermination in pots with soil, III) water extracts in Petri dishes and IV) plant residues in pots with soil. Weed seed germination was significantly reduced for 32.2% with lovage seeds in Petri dishes. In the pots with soil, seed allelopathic potential was less pronounced. The application of extracts from fresh plant biomass in concentrations of 5 and 10% reduced germination and growth of weed, with the extracts from chamomile and common mallow having the highest inhibitory effect. The extracts from dry plant biomass of basil, chamomile, common mallow, greater celandine and lovage in higher concentration completely (100%) inhibited germination and weed seedling growth. On average, the extracts from dry plant biomass had higher inhibitory effect. Reduction in weed seed emergence and growth was recorded when dry plant residues in rates of 10 and 20 g/kg were incorporated in the soil. Lovage and greater celandine residues exhibited the highest allelopathic effect.
Introduction
Weeds compete with crops for the same resources and cause yield loss and quality. Although in modern agricultural production weeds are efficiently controlled with chemical herbicides, negative effects such as environment pollution, weed resistance and inability of their application in organic agriculture (Baretto et al., 2000 , Macías et al., 2003 requires development of alternative measures. Allelopathically active crops and allelochemicals can inhibit emergence and growth of weeds and be utilized in different ways as extracts, mulches and residues (Singh et al., 2003) .
Cultivated plants from Apiaceae, Lamiaceae and other families are screened for their allelopathic activity. According to Đikić (2005a,b) aromatic and medicinal plants such as caraway (Carum carvi L.), coriander (Coriandrum sativum L.) and fennel (Foeniculum vulgare Mill.) have inhibitory effect on growth of weed species. Petrova et al. (2015) indicated that flowers of lavender (Lavandula angustifolia Mill.) and leaves of horse mint (Mentha longifolia (L.) Huds.) and peppermint (M. piperita L.) reduced germination and growth of Johnson grass (Sorghum halepense (L.) Pers.) and curly dock (Rumex crispus L.). Numerous higher plants, among them also wild medicinal species, are also investigated. Both extracts and residues of saffron (Crocus sativus L.), pricklyburr (Datura inoxia Mill.), tobacco (Nicotiana tabacum L.) and oleander (Nerium oleander L.) possess herbicidal potential against redroot pigweed (Amaranthus retroflexus L.) (Nekonam et al., 2014) . Allelopathic effect of common mallow extracts and residues on crops was also reported (Qasem, 2010, Zahedi and Ansari, 2011) .
The aim of the study was to determine through series of experiments the allelopathic effect of seed and plant biomass of six cultivated or wild aromatic and medicinal species on germination and growth of weed species scentless mayweed (Tripleurospermum inodorum (L.) C.H. Schultz).
Materials and methods
The study was conducted in the Laboratory of Phytopharmacy at the Faculty of Agriculture in Osijek, Croatia. The effect of basil (Ocimum basilicum L.), chamomile (Matricaria chamomilla L.), common mallow (Malva sylvestris L.), greater celandine (Chelidonium majus L.), lemon balm (Melissa officinalis L.) and lovage (Levisticum officinale Koch) on weed species scentless mayweed was assessed through four experiments: I) seed cogermination in Petri dishes, II) seed cogermination in pots with soil, III) water extracts in Petri dishes and IV) plant residues in pots with soil.
Collection and preparation of seed and plant material: Seeds of weed species scentless mayweed were collected from agricultural fields in Osijek-Baranja County. The collected seeds were cleaned, dried and stored in paper bags until use. Seeds of cultivated plants namely basil, chamomile, lemon balm and lovage were purchased from seed company. Prior to each experiment, the seeds were surface-sterilized for 20 min with 1% NaOCl, and then rinsed three times with distilled water (Siddiqui et al., 2009) .
Aboveground biomass of plants was harvested at full flowering stage (phenological stage 6/65 (Hack et al., 1992) ). Basil, chamomile, lemon balm and lovage were cultivated without the use of pesticides, while plants of greater celandine and common mallow were collected on ruderal habitats. The proportion of fresh plant biomass was oven dried at 60 °C for 48 h, cut into small pieces and ground with electronic grinder into fine powder.
Preparation of water extracts: Water extracts from fresh and dry aboveground biomass of plants were prepared according to Norsworthy (2003) . One hundred grams of the fresh or dry biomass was mixed with 1000 ml of distilled water and kept for 24 h at room temperature. The mixtures were filtered through filter paper and the obtained extracts were diluted with distilled water to give final concentrations 5 and 10% (50 and 100 g of biomass per litre).
Seed cogermination in Petri dishes: The effect of cogermination of cultivated aromatic and medicinal plants and weed seeds was investigated according to Đikić (2005b) . The treatments consisted of 30 seeds of both plant and weed germinating together in Petri dishes on top of filter paper soaked in distilled water. The control treatment consisted of 30 weed seeds per dish.
Seed cogermination in pots: The effect of cogermination in pots was evaluated according to Hoffman et al. (1996) . Each treatment consisted of 30 plant and 30 weed seeds sown in pots filled with commercial substrate (NPK 210:120:260 mg/l, pH 5.6). The control treatment consisted of 30 weed seeds per pot.
Effect of water extracts: The effect of water extracts in two different concentrations (5 and 10%) was evaluated in Petri dish bioassay. Thirty weed seeds were placed in sterilized Petri dishes lined with filter paper. In each Petri dish 2 ml of extract was added, while distilled water was used in the control.
Effect of plant residues: In pots with soil, the effect of incorporated dry plant residues was determined, according to modified method of Nors-worthy (2003) . Plant residues in rates of 10 and 20 g per kg of soil were mixed with commercial substrate and thirty weed seeds were sown. The control consisted of thirty weed seeds sown in the soil without residues.
Data collection and analysis: Petri dish and pot experiments were kept at room temperature (22°C ± 2) on laboratory benches for 9 and 14 days, respectively. All treatments had four replications and all experiments were conducted twice. Germination percentage was recorded daily and final germination was calculated for each replication using the formula: G = (Germinated seed/Total seed) x 100. All emerged seedlings were counted and percentage of emergence was calculated as E= (Emerged seed/Total seed) x 100. At the end of experimnets, seedling root length (cm), shoot length (cm) and fresh weight (mg) were determined. The collected data were analysed statistically with ANOVA and differences between treatment means were compared using the LSD-test at probability level of 0.05.
Results and discussion
The cogermination of seeds of cultivated aromatic and medicinal plants and scentless mayweed had various effects on weed species (Table  1) . Only lovage significantly reduced seed germination for 32.2% compared to the control. Root length was reduced both with chamomile and lovage, while lovage promoted shoot length. Seed allelopathic effect, both stimulatory and inhibitory, was reported in other species. Positive effect of parsley seeds on root length of hoary cress (Lepidium draba L.) was indicated by Ravlić et al. (2014) , while according to Đikić (2005a) seeds of fennel, caraway, dill (Anethum graveolens L.) and coriander reduced germination of weeds with the de-gree of inhibition depending both on donor and recipient species. Seeds of many plants contain various chemical inhibitors (Ketring, 1973) as well as essential oils and their components (Olle and Bender, 2010) which can affect seed germination (Dudai et al., 1999) . Lovage seed volatile oil contains components such as α-pinene, caryophyllene, limonene, eugenol and carvacol (Gomaa and Youssef, 2007) which may have exhibited negative effect on seed germination of scentless mayweed in the experiment.
Neither seeds of basil nor chamomile had significant effect on emergence and root length of scentless mayweed when germinated together in the pots with soil (Table 2 ). On the other hand, basil slightly promoted shoot length and chamomile fresh weight of seedlings. Đikić (2004) reported negative influence on emergence, seedling height and weight of barnyard grass (Echinochloa crus-galli (L.) PB.) which cogerminated in pots with seeds of coriander, basil and dill. However, author also reported stimulating effect on height and seedling weight in treatments with caraway. Except aromatic and medicinal plants, seeds of various crops showed allelopathic potential such as sorghum (Hoffman et al., 1996) , rye, oat, barley and wheat (Šarić et al., 1992) .
In both Petri dish and pot experiment seed density of plants and weeds was 1:1, while distance between seeds was around 10 mm. Seed distance and seed density could also have influence on the intensity of the allelopathic effect. Smaller distances between seeds and higher seed densities results in greater allelopathic effect between species (Wardle et al., 1991 , Hoffman et al., 1996 . Germination of weed species was inhibited with almost all the extracts from the fresh plant biomass (Figure 1 ). The highest reduction was recorded in the treatments with chamomile for 33.2 and 49.2%. Greater concentrations of basil, common mallow and lovage reduced germination for 16.2, 24.3 and 14.8%, respectively, while inhibition in the treatments with lemon balm was on average for 19.9%.
Similarly, higher concentrations of the extracts showed significant inhibitory effect on seedling root length (Table 3) , especially in the treatments with common mallow and chamomile extracts. Contrary, only chamomile decreased shoot length, while other extracts generally had positive effect. The reduction of seedlings fresh weight was recorded with common mallow, greater celandine and chamomile extract in higher concentration, and ranged from 15.8 to 36.8%.
All extracts from dry plant biomass significantly reduced germination of scentless mayweed (Figure 2) , and basil, chamomile, common mallow, greater celandine and lovage in higher concentration completely (100%) inhibited germination. Both concentrations of lemon balm and lower concentration of common mallow extracts showed lower inhibitory effect and reduced germination for 15.3%, 46.5% and 59.7%, respectively. Weed seedlings length and fresh weight were similarly affected, and basil, chamomile, common mallow, greater celandine and lovage showed complete growth inhibition (100%) ( Table 4) . Among the investigated cultivated plants, chamomile and lovage had the greatest inhibitory potential, while lemon balm had the lowest effect. Đikić (2005a) also reported reduction in germination of shepherd's purse (Capsela bursa-pastoris (L.) Medik.) and redroot pigweed with extracts from fresh lovage and chamomile biomass up to 65.0%.
Common mallow and greater celandine as wild medicinal species proved to be highly inhibitory on weed germination and growth. Common mallow plants contain numerous phenols and secondary compounds (Tabaraki et al., 2012) and extracts decreased germination and growth of tomato, cucumber and garden cress up to 100% according to Zahedi and Ansari (2012) . Wild plants could be valuable source of allelochemicals, for example extracts from yarrow (Achillea millefolium L.) and St John's wort (Hypericum perforatum L.) suppress germination and growth of red-root pigweed, common lambsquarter (Chenopodium album L.) and Johnson grass (Alipour et al., 2012 (Alipour et al., , 2013 .
Extracts from fresh and dry plant biomass differed in their allelopathic potential, and on average dry biomass showed greater inhibitory effect on all measured parameters. Similar results were observed by Baličević et al. (2014) who reported greater decrease in germination and growth of hoary cress in treatments with extracts from dry biomass of marigold (Calendula officinalis L.). According to Marinov-Serafimov (2010) differences are result of various concentrations of active substances extracted from fresh and dry plant biomass. Incorporation of plant residues in rates of 10 and 20 g/kg of soil negatively affected emergence of scentless mayweed (Figure 3) . The greatest emergence reduction was recorded in treatments with lovage for 39.2 and 34.9%, and higher rate of greater celandine for 27.5%.
Root length was not inhibited only in the treatments with basil and lower rate of chamomile, while all other treatments showed significant inhibitory effect up to 40.0% (Table 5) . On the other hand, weed shoot length decreased only with the higher dose of lovage. Higher rate of lovage and greater celandine and lower rate of common mallow had a significant negative effect on the fresh weight of weed seedlings. Incorporation of aromatic and medicinal plants with the ability to produce phytotoxic essential oils can play an important role in weed control (Dhima et al., 2009) . Mugwort dry residues reduced germination of couch grass (Agropyron repens (L.) P.B.) for 18.5% according to Đikić (2007) , while Ravlić et al. (2014) reported inhibition in emergence, root length and fresh weight of hoary cress in treatments with fresh parsley biomass.
Differences were observed between allelopathic effect of seeds, extracts and plant residues, with the seeds having the lowest inhibitory potential. Similarly, Petri dish and pot experiments as well as type of extraction of allelochemicals from plant biomass differed in their inhibitory effect. Application of extracts in petri dishes generally had higher phytotoxic effect compared to plant residues in soil probably as a result of direct contact of seeds with extracts on filter paper , Nekonam et al., 2014 and diffusion and adsorption of allelochemicals in the soil (Vidal et al., 1998) . However, differences among plant residues and extracts from fresh biomass depended on the plant species. For example, lovage residues and chamomile extracts had higher inhibitory potential compared to lovage extracts and chamomile residues. According to Nekonam et al. (2014) some plant species have stronger inhibitory effect when applied as residues as a result of stronger extraction of allelochemicals during residues decomposition.
Conclusions
Results of the experiments showed that all six cultivated or wild aromatic and medicinal plant showed some degree of allelopathic effect on weed species scentless mayweed. Seed cogermination in Petri dishes negatively affected weed germination and growth with lovage seeds showing the highest inhibitory effect. Contrary, cogermination in the pots with soil had no significant effect. Considerable reduction in weed germination and growth was recorded when extracts from the fresh and dry biomass were applied in Petri dishes. However, extracts from the dry biomass had greater impact and in treatments with the higher concentration resulted in complete inhibition of weed growth. Incorporation of plant residues also exerted negative allelopathic effect on scentless mayweed. Overall, chamomile and lovage had the greatest influence; however suppressive ability of all investigated plants could be exploited as additional measure in integrated weed management system.
